urvival after stroke has improved over the past decades, thanks to thrombolytic therapy, specialized stroke units, and better secondary prevention.
Stroke
August 2016 stroke were hypertension, low high-density lipoprotein cholesterol, diabetes mellitus, smoking and transient ischemic attack (Table 1) . The total population attributable risk (PAR) for all risk factors combined was similar in people with stroke (0. We found no significant associations of prestroke cardiovascular risk factors with dementia (Table 2) , resulting in a low PAR of 0.10 (0.001-0.91) in people with stroke versus 0.09 (0.02-0.37) in those without. Adjusting for competing risks resulted in slightly lower hazard ratios of diabetes mellitus and smoking (Tables II and III in the online-only Data Supplement). Values are HRs or population attributable risks with 95% CI. Adjusted for age, sex, time between center visit and index date, and the other cardiovascular risk factors. BMI indicates body mass index; CI, confidence interval; HDL, high-density lipoprotein; HR, hazard ratio; n, number of new strokes; N, number at risk; NA, not applicable because the HR is <1; and PAR, population attributable risk.
*Statistically different between people with and without stroke (P<0.05).
Figure.
Incidence of stroke and dementia in patients with and without stroke at baseline. Age-and sex-adjusted incidence rates for a new stroke (top) or dementia (bottom), up to (left) or beyond (right) 1 y after baseline. Dotted lines represent 95% confidence intervals.
Portegies et al Prestroke Risk Factors for Hazards After Stroke 2121
Stratification by sex showed prestroke cardiovascular risk factors to have a stronger effect on recurrent strokes in women than in men (Tables IV and V in the online-only  Data Supplement) , whereas the reverse was true for dementia (Tables VI and VII in the online-only Data Supplement).
Discussion
We found that patients with stroke remain at an increased risk of stroke and dementia up to at least 5 years after their event compared with people without stroke. Prestroke cardiovascular risk factors accounted for a large proportion of recurrent strokes (39%), and to a lesser extent of poststroke dementia (10%). These proportions were similar for first-ever stroke and dementia in stroke-free participants.
To date, studies investigating risk factors of stroke outcomes have established that the risk of recurrent stroke is strongly determined by cardiovascular risk factors measured at time of stroke, 7,8 whereas the risk of poststroke cognitive decline and dementia is largely driven by characteristics of the stroke itself (ie, location and severity).
9,10 The main novelty of our study is that we showed that a substantial proportion of recurrent strokes and dementia cases after stroke is attributable to prestroke cardiovascular risk factors. These factors may have caused irreversible damage before the initial stroke and thus before secondary prevention started, suggesting that secondary prevention might be too late. Because the known modifiable risk factors as used in this study only contribute to a part of recurrent stroke and dementia cases, our findings also indicate that further research into novel modifiable factors is necessary. These may include genetic factors, biomarkers, presence of prestroke subclinical vascular disease, or response to treatment.
10,11
Strengths of our study are the population-based setting, long follow-up, availability of cardiovascular risk factors measured before time of stroke, and the thorough follow-up for clinical events. Limitations of our study are that we only measured prestroke risk factors once and the lack of data on stroke severity, a possible mediator in the association. Moreover, 6.2% of the population did not visit the research center before the stroke, which could lead to selection bias if they were unhealthier. Similarly, up to 9.7% of data on risk factors was imputed, which may lead to misclassification. We also acknowledge that the PAR may be somewhat overestimated because of competing risk of death. Slight overestimation also occurs because the PAR assumes complete removal of a risk factor, which in reality is often unachievable.
12,13 On the contrary, the PAR may be underestimated because we only estimated the effect that removal of a risk factor will have on poststroke clinical events. However, in reality, removal of a risk factor may also prevent stroke itself, which precludes any poststroke events.
12

Conclusions
Patients with stroke remain for a long time at an increased risk of recurrent stroke and dementia. Prestroke cardiovascular risk factors contribute to 39% of recurrent strokes and 10% of poststroke dementia cases. Taken together, this emphasizes the need of optimizing both primary and secondary preventions. At the same time, our results encourage exploration of other potentially modifiable factors. Figure I . Flowchart of the study population.
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Supplemental Methods
Setting
This study was conducted within the prospective population-based Rotterdam Study. Details regarding the objectives and design of the study have been described elsewhere. 1 The original cohort consisted of 7,983 participants aged 55 years and older. These participants were invited for a visit in 1990-1993, 1993-1995, 1997-1999, 2002-2004 to participate in the study and to obtain information from their treating physicians.
Study design
Within the original cohort, we first selected all participants who suffered an incident stroke. In these stroke patients, the at risk time for a recurrent stroke and dementia started at the time of stroke. Then, we selected per stroke patient, 4 participants without stroke, randomly matched to this patient on age (± 1 year), sex, and visiting the same examination round, using an incidence density sampling approach. 2 Participants without stroke were free of stroke at the stroke date of their matched stroke patient (index date) and their time at risk of stroke and dementia was from this index date onwards. Persons could be included as a non-exposed match for multiple stroke patients, and could become exposed themselves later on. Of note, this design is not a case-control study, but is actually a cohort study in which exposure is defined by incident stroke status, and matched individuals are subsequently followed in time for the outcome. 
Study population
After excluding participants with prevalent stroke (n=453) and those who refused informed consent for collection of follow-up information (n=238), 14,235 participants were followed for occurrence of stroke. After a mean (±SD) follow-up of 9.6 (±6.0) years, 1,325 participants suffered a stroke. We excluded 82 stroke patients because they lacked any pre-stroke center visit.
Remaining 1,243 stroke patients were matched to people that did not have a stroke at their index date. Due to old age, 6 stroke patients could not be matched and 8 could only be matched to 1 or 2 stroke-free participants. Consequently, 1,237 participants with stroke and 4,928 stroke-free participants were eligible for analysis. These stroke-free participants consisted out of 3,377 study participants. 2,079 were included once, 1,298 were included multiple times, of whom 378 became exposed later in time.
3
For the dementia analyses, we additionally excluded the participants with insufficient baseline or follow-up information (n=188), or with prevalent dementia (n=621). In the stroke patients 186 (15.8%) had prevalent dementia, in the people without stroke 435 (9.1%). In total, 993 dementiafree participants with stroke and 4,363 without stroke were eligible for analysis (Supplemental Figure I) .
Assessment of stroke
History of stroke at baseline was assessed during the home interview and confirmed by reviewing medical records. 4 From baseline onwards, participants were continuously followed-up for occurrence of first-ever and recurrent stroke through automatic linkage between general practitioners' medical records and the study database. In addition, nursing home physicians' medical records and medical records from participants who moved out of the study district were 
Assessment of dementia
For the detection of dementia we used the following 3-step protocol. Screening was done using 
Assessment of cardiovascular risk factors
Pre-stroke cardiovascular risk factors were obtained from the patient's most recent center date preceding the index date, with the use of interview, physical examinations, and laboratory examinations. 9 For the matched stroke-free participants, these were obtained from the same Occurrence of transient ischemic attacks (TIAs) and atrial fibrillation was assessed through active follow-up and verified by standardized definitions similar to the follow-up of stroke.
11, 12
Therefore, presence of TIA or atrial fibrillation at any time before stroke was considered a prestroke cardiovascular risk factor. However, follow-up for atrial fibrillation was only complete until 2010, which means that we missed people with atrial fibrillation after 2010.
Statistical analysis
The methods for statistical analysis used for this study were described in detail previously. 3 We used Poisson regression adjusted for age and sex to determine incidence rates of a new stroke and dementia in the group with stroke patients and the stroke-free group. Follow-up started at the index date.
Population attributable risks (PARs) with 95% confidence interval (CI) were calculated using the given D = 1 denoting presence of disease, X denoting exposure with i levels and C denoting a confounder with j levels. The hazard ratio's (HRs) with 95%CI are based on a Poisson model.
The proportional hazards assumption was checked by inspecting log minus log plots. We calculated the PAR for each risk factor separately and calculated the combined PAR. The combined PAR included the PARs of modifiable risk factors which were associated with an increased risk of recurrent stroke or dementia. 14 We provide logit transformed 95% CI for the PARs as they are more easily interpretable and more stringent with regard to our combined PAR estimate. 15 Because of small numbers, we did not explore the PAR for subtypes of stroke and dementia. Differences in prevalence of risk factors between participants with stroke and strokefree participants and between men and women were calculated using the Chi-Square test. We explored potential effect modification by presence of stroke or sex by using an interaction term of the stroke or sex status with the potential risk factor.
Information on cardiovascular risk factors was missing for up to 9.7% of cases, and imputed based on the other covariates using multiple imputation with 5 imputation sets. using Fine-Gray modeling.
Results
Incidence rates
A recurrent stroke occurred in 233 stroke patients during 4,085 person-years of follow-up n = number of dementia cases, N = number at risk; HR = hazard ratio; PAR = population attributable risk; HDL = high-density lipoprotein; BMI = body mass index; TIA = transient ischemic attack; NA = not applicable because the HR is smaller than 1. Values are hazard ratios (95% confidence intervals) or population attributable risks (95% confidence intervals). Adjusted for age, sex, time between center visit and index date, and for the categories of hypertension, cholesterol, HDL cholesterol, BMI, diabetes mellitus, smoking, and atrial fibrillation, if appropriate. *Statistically different between people with and without stroke (p<0.05).
†Statistically different between men and women (p<0.05). Values are hazard ratios (95% confidence intervals) or population attributable risks (95% confidence intervals). Adjusted for age, sex, time between center visit and index date, and for the categories of hypertension, cholesterol, HDL cholesterol, BMI, diabetes mellitus, smoking, and atrial fibrillation, if appropriate. *Statistically different between people with and without stroke (p<0.05).
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†Statistically different between men and women (p<0.05).
